Although advances in exoplanet detection techniques have seen an increase in discoveries, observing a planet in the earliest stages of formation still remains a difficult task. Here four epochs of spectra of the transitional disk (TD) object T Cha are analysed to determine whether spectro-astrometry can be used to detect a signal from its proposed protoplanet, T Cha b. The unique properties of T Cha are also further constrained. Hα and [O I]λ 6300, the most prominent lines, were analysed using spectro-astrometry. ) and M acc (Hα) it is concluded that T Cha is not an intrinsically weak accretor but rather that a significant proportion of the Hα emission tracing accretion is obscured. T Cha b is not detected in the spectro-astrometric analysis yet a detection limit of 0.5 mas is derived. The analysis in this case was hampered by spectro-astrometric artefacts and by the unique properties of T Cha. While it seems that spectro-astrometry as a means of detecting exoplanets in TDs can be challenging it can be used to put an limit on the strength of the Hα emission from accreting planetary companions and thus can have an important input into the planning of high angular resolution observations.
INTRODUCTION
Transitional disk (TD) objects are young stellar objects (YSOs) with accretion disks that have an inner region that is significantly lacking in dust (Espaillat et al. 2014) . These gaps were first revealed in the spectral energy distributions (SEDs) of T Tauri Stars (TTSs) (Strom et al. 1989 ) and most recently they have been investigated with high angular resolution optical, near-infrared and sub-millimeter imaging (Huélamo et al. 2018; Pohl et al. 2017; Hendler et al. 2018;  Based on Observations collected with UVES at the Very Large Telescope on Cerro Paranal (Chile), operated by the European Southern Observatory (ESO), in programs 090.C-0639(A) and 089.C-0299 (A) † E-mail: eoin,chaill@mu.ie Huélamo et al. 2015; Espaillat et al. 2014; Andrews et al. 2012) . Several scenarios (e.g. photoevaporation, a binary system) have been suggested as a mechanism by which this clearing could occur (Alexander et al. 2013 ). However, clearing by a planet is also a strong possibility for the removal of dusty material from an accretion disk (Ercolano & Pascucci 2017) . Therefore, YSOs with TDs present a unique opportunity to study planet formation at the earliest stages (Espaillat et al. 2014) . In order to establish the link between TDs and planet formation there has been a strong push to make the first definite detection of a planet in a TD (Keppler et al. 2018) . While studies have primarily focused on high angular resolution, high contrast imaging (Pinte et al. 2018; Sallum et al. 2015; Reggiani et al. 2018 ) attempts have also been made to use spectro-astrometry (SA) to search planets in TDs (Mendigutía et al. 2018; Whelan et al. 2015) .
YSOs with TDs have been shown to still be actively accreting . As planet formation models also predict accretion onto recently formed planets, an indirect method for identifying planetary companions in TDs would be to search for accretion signatures present as the planets form e.g. magnetospheric accretion (Lovelace et al. 2011) . As discussed in Whelan et al. (2015) these signatures could be detected by analysing strong accretion tracing emission lines e.g. Hα (Sallum et al. 2015; Zhou et al. 2014) or Paβ (Uyama et al. 2017 ) with SA. SA has been routinely used to detect stellar companions around YSOs (Whelan & Garcia 2008) and Mendigutía et al. (2018) demonstrate that it should be possible to extend this work to planetary companions. TD objects are also often found to exhibit emission line variability (Dupree et al. 2012; Schisano et al. 2009 ). This could be an advantage for any spectroastrometric study as any reduction in the strength of the emission lines tracing the stellar accretion would benefit the detection of the planetary accretion signatures. While it has been shown that SA should be capable of detecting planets in TDs no definitive detection has been made to date (Mendigutía et al. 2018; Whelan et al. 2015) .
In this paper we report on observations of the TD object T Chamaeleontis (hereafer T Cha) taken with the ultraviolet and visual echelle spectrograph (UVES) on the European Southern Observatory's Very Large Telescope (ESO, VLT). Using sparse aperture masking observations in the infrared, Huélamo et al. (2011) reported the detection of a substellar companion candidate within the disk gap of T Cha. However, follow-up observations of the source suggested that the detected emission was more consistent with forward scattering from the edge of the disk (see Olofsson et al. (2013) ; Cheetham et al. (2015) ). New ALMA millimetre observations of the source presented by Hendler et al. (2018) seem to be consistent with the presence of a planetary companion (or several planets) within the disk gap. The primary goal of the work presented here is to continue the investigations of Whelan et al. (2015) to determine if one can use SA of the Hα line to detect sub-stellar companions. The motivation to use this technique is that planets may form very close to the central star and it is therefore difficult to directly detect them.
TARGET, OBSERVATIONS AND SPECTRO-ASTROMETRY

T Chamaeleontis
T Chamaeleontis (α = 11:54:46.7 -79:04:48.6 ) is a T Tauri type variable star with a TD (Schisano et al. 2009; Hendler et al. 2018) . It is a member of the ε Cha Association (d ∼ 110 pc). The distance measurement is taken from the GAIA DR2 release. Its age is given as 7 Myr by (Torres et al. 2008) and its mass, radius and spectral type are estimated to be 1.3 M , 1.8 R and G8 respectively (Schisano et al. 2009 ) 1 . Schisano et al. (2009) show that T Cha is still actively accreting and calculate M acc to be ∼ 4 x 10 −9 M yr −1
1 The stellar parameters will not change with the new GAIA DR2 distance, as in Schisano et al. (2009) a distance of 100pc was adopted using the 10 % width of the Hα line. The inclination and position angle (PA) of the T Cha accretion disk are ≈ 69 • ± 5 o and 113 • respectively Pohl et al. 2017) . The accretion disk has been found to be composed of an inner optically thick disk ranging from 0.13 au to 0.17 au (Olofsson et al. 2013) , and an outer dust disk with a radius > 80 au . These two disks are separated by a gap and it was first proposed that this gap housed a substellar companion (T Cha b) by Huélamo et al. (2011) . Hendler et al. (2018) present ALMA observations of T Cha which place an estimate of the gap to be from 18 au to 28 au. They conclude that the most likely explanation for their observations is that embedded planets are acting to carve out the dust gap. The conclusions of Hendler et al. (2018) support the results of Pohl et al. (2017) who present modelling of VLT/SPHERE data.
A further notable feature of T Cha is the extreme variability of its emission line spectrum (Alcalá et al. 1993) . Schisano et al. (2009) report strong variability in the main emission lines (Hα, Hβ and [O I]) which correlates with variations in visual extinction of over three magnitudes. Both the shape and strength of the lines are variable with the Hα line profile changing from pure emission to nearly photospheric absorption over a timescale of days. Schisano et al. (2009) argue that variable circumstellar extinction could be responsible for both the variations in the stellar continuum flux and for the corresponding changes in the emission lines. They propose that clumpy structures, containing large dust grains orbiting the star within a few tenths of an au, would episodically obscure the star and, eventually, part of the inner circumstellar zone. The observed radial velocity changes in the star reported by Schisano et al. (2009) would support this scenario.
T Cha was chosen as a good candidate for this spectroastrometric study due to the strong possibility that its inner disk contains a planetary companion orbiting at > 20 au. As the clumpy structures proposed to be responsible for the line variability orbit closer to the star than the forming planet, any Hα emission from a forming planet should be easier to detect during a period of obscuration of the inner circumstellar zone.
UVES observations
Spectra were obtained with UVES with a spectral range of ∼ 500 to 700 nm and a spectral resolution of R ∼ 40000 (Dekker et al. 2000 ) (see Figure 1) . The strategy was to obtain spectra at anti-parallel and/or perpendicular slit position angles (PAs) to check for artefacts in the spectro-astrometric signature (Brannigan et al. 2006) and to recover the PA of the planetary companion. Four epochs of data (E1 to E4) were considered to allow the effect of the T Cha's variability on the chances of detecting a planet to be investigated (Whelan et al. 2015) . Table 1 gives details on the observations which make up each epoch including the slit PAs used. E1 consists of UVES observations of T Cha taken in May 2012 (089.C-0299 (A)) from the ESO archive. The datasets were initially reduced using the ESO pipeline for UVES. 
Spectro-astrometric analysis
Spectro-astrometry is a powerful technique by which high precision spatial information can be extracted from a seeing limited spectrum. The technique involves the measurement of the centroid of the spatial profile, as a function of wavelength, to produce a so-called position spectrum (Whelan & Garcia 2008) . The precision to which the centroid can be measured is primarily dependent on the signal to noise ratio (SNR) of the spectrum and is given by
where N p is the number of detected photons. SA has been used to investigate a variety of objects from brown dwarf jets to quasars (Whelan 2014; Stern et al. 2015) . Whelan et al. (2015) discuss the technique of SA in more detail including the issue of spectro-astrometric artefacts. Possible instrumental effects which can introduce false signals to a spectro-astrometric study were noted by Bailey (1998b) and Takami et al. (2003) , and further constrained by Brannigan et al. (2006) . The two main effects are telescope tracking errors and unstable active optics.
For a spectro-astrometric study it is common to observe the target with different slit PAs. Taking two observations at anti-parallel PAs allows one to confirm detected signals and thus rule out artefacts (Brannigan et al. 2006) . Any real signal will invert between the two observations. An analysis of photospheric lines can also be used as a check for artefacts. The advantage of using perpendicular slit PAs is that it also enables the PA of the feature under investigation (outflow or companion) to be mapped (Riaz et al. 2017) . A further consideration for any SA project is contamination by the continuum emission. This can be corrected for by subtracting the continuum from the emission line region under analysis or by considering that the extent of any measured offset is weighted by the ratio of the continuum to line emission (Whelan & Garcia 2008) .
In this work it was found that a Voigt fit provided a better fit to the wings of the spatial profile of the UVES spectra than the Gaussian fit, therefore a Voigt fit was used at all times. As discussed in Whelan et al. (2015) the precision in the Voigt fit can be well approximated by Equation 1. During the analysis two problems with artefacts were encountered. In Whelan et al. (2015) the authors discussed how X-Shooter data is affected by spatial aliasing due to the rebinning of the spectra from the physical pixel space (x,y) to the virtual pixels (wavelength, slit-scale) by the XShooter pipeline. The consequence of this for the SA was that an oscillating pattern on a scale of ∼ 10 mas was introduced to the position spectrum. In Figure 2 the Hα position spectra for E1 is shown and a similar pattern is seen as was seen in the X-Shooter observations of Whelan et al. (2015) . It is argued that the rebinning step in the UVES pipeline is also causing a spectro-astrometric artefact due to spatial aliasing. The solution to this first artefact is not to use the pipeline reduced 2D spectra for the SA but to re-reduce the data. The spectra were therefore re-reduced using standard IRAF routines but without including a re-binning step.
A second artefact was encountered following the median combination of some of the spectra. As shown in Table  1 each epoch is made up of numerous separate observations. For each epoch, each spectrum was analysed separately. Following that all the spectra making up each epoch were median combined to increase the SNR and thus the spectroastrometric precision. For E3 strong signals were detected in the median combined data but not in the individual spectra (see Figure 3 ). Close inspection of the spectra revealed that the position of the source in the slit had drifted between observations and thus artefacts analogous to those caused by imperfect tracking were introduced when the spectra were combined. To check that this is indeed the origin of the artefact the spectra that showed the maximum drift were removed. The spectro-astrometric analysis of the median combined remaining spectra showed no signal.
A different approach was to shift the position of the spectrum in each 2D order so that the centres of each spectra were at the same position and then to median combine the shifted spectra. As is clear from Figure 3 , no spectroastrometic signal was detected in the median combined shifted spectra. One of the motivations for taking several spectra rather than just one long observation was to allow for maximum consideration of the source variability. This artefact should be considered when planning future spectroastrometric studies where variability is a factor.
SPECTRAL ANALYSIS
Line emission and variability
The full UVES spectrum for E2 is given in Figure 1 . It is representative of what was detected for the other three epochs, with only the shape of the Hα line changing (also see Figure  4 ). E2 is the only epoch where any significant emission in the Hα line is detected. This, and the absence of other emission lines seen in previous observations, indicates that T Cha is in a more quiescent state than it was for the 2002 observations of Schisano et al. (2009) . Despite this, the most prominent line features in the UVES spectra do agree with the results of the 2009 study. It is noted that the HeI emission line at 5876Å and the [N II]λ 6583 forbidden line, which were detected by Schisano et al. (2009) , are not detected in any of the UVES observations. Also the UVES spectra did not have the necessary wavelength range to investigate Hβ or the CaII triplet. Schisano et al. (2009) remark that the [N II]λ 6583 line is occasionally observed in their low resolution spectra, when T Cha is in its faintest state. This is intriguing as the [N II]λ 6583 is most often associated with high velocity jet emission yet no other signatures of a jet are detected in the T Cha spectra (Whelan et al. 2014a ). Schisano et al. (2009) associated the He I emission with flare activity and the CaII triplet is likely tracing the accretion onto T Cha (Whelan et al. 2014a ).
The strongest features in the UVES spectrum are the Hα, [OI]λ 6300, and the NaD lines. In Figure 4 , these three lines are compared for the four epochs. The median profiles for each epoch are shown. The general shape of the emission lines remain the same across the observations making up the individual epochs. However, for the Hα line changes in the relative strength of the emission and absorption features are observed. The Hα line profiles are also shown in Figure  6 , and the variability inherent in this line is clear, going from showing some emission in E2 to being dominated by absorption in E3 and E4. Schisano et al. (2009) explain these changes in the Hα line as being due to the obscuration of T Cha by the occulting clumps and thus the suppression of the stellar continuum flux. Consequently, when the stellar continuum flux is at its lowest more of the Hα line region is seen in emission. It is also likely that a significant part of the Hα emission is obscured by the occulting clumps. Both accretion shocks and a stellar wind will contribute to the Hα emission (Whelan et al. 2014a ), however it is not clear what fraction of the Hα emission originates close enough to the star to be obscured.
To better understand the changes in the Hα line in the UVES dataset, the extinction was calculated for each epoch and compared to the stellar continuum flux measured in the vicinity of the Hα line. The results are presented in Table  2 . In order to calculate the extinction, the observation in which Hα is fully in absorption (E1) was selected. This provides a starting A V value, taken as 1.2 from Schisano et al. Table 2 ) and radial velocity of the line do change, although the FWHM remains constant within errors. Schisano et al. (2009) detect both a variability in the equivalent width (EW) of the [O I]λ 6300 line and the radial velocity. They report that the line profile is generally symmetrical and centered at ∼ 0 km s −1 but that sometimes a slight red-shift of about 10 -20 km s −1 is seen. They find that the variation in the EW of the [O I]λ 6300 emission is correlated with the changes in the EW of the Hα line. Furthermore, they investigate both the EW and luminosity of the [O I]λ 6300 in the only simultaneous spectroscopy of T Cha available to them (the Covino et al. (1996) dataset) and find that while the EW changes the luminosity is rel- Covino et al. (1996) study and presented in Table 3 of Schisano et al. (2009) . C1:C6 are the average values for the 6 epochs of Covino 1996 data. 
follow the correlation reported by Schisano et al. (2009) . Here, while L [OI ] is stable within each epoch (Table 2 ) a large change between E1 and E2-E4 is noted. Also note that between E2 and E4 the line luminosity does not change much. Furthermore, the epoch of highest luminosity also corresponds to the lowest values of A v and consequently the highest levels of continuum flux, and a significant shift in the radial velocity of the line. If the last three epochs are considered alone along with Figure 5 , results support the conclusions of Schisano et al. (2009) . However, the changes in line luminosity and radial velocity between E1 and the other three epochs could point to some component of the [O I]λ 6300 line being obscured by the occulting clumps, so that when the extinction drops this component becomes visible changing both the flux and velocity centroid of the line. We note that the average flux of the [O I]λ 6300 line is 1 ± 0.1 × 10 −13 erg/cm/s 2 in E1 and decreases to 0.3 ± 0.4 × 10 −13 erg/cm/s 2 for E2-E4. An intrinsic dimming of the wind during the almost two years between E1 and E2-E4 cannot be ruled out.
Spectro-astrometric results
In Figure 6 the spectro-astrometric analysis of the median combined Hα spectra for each epoch is presented. No spectro-astrometric signal was detected in the individual spectra making up the four epochs or in the median combined spectra. The spectra shown here were not binned before being analysed and the average 1-sigma value of the centroid is ∼ 4 mas. SA was also applied to both the [OI]λ 6300 lines and the Na D lines but also no signal was detected (see Figure 7 ). For the [OI]λ 6300 line the non-detection rules out the origin in a jet but not in a wind. Thus, this result supports the use of the [OI]λ 6300 line as a measure of M acc (see Section 4). The signal from a planetary companion is attenuated by the strength of the Hα emission from T Cha and by the continuum emission. This would mean that the best chance of detecting the planet is in E2 where both a significant part of the stellar Hα is obscured and the continuum emission is minimised. To further investigate E2 the continuum emission was subtracted however no signal was detected. Several different binnings were also tested to increase the S/N and thus spectro-astrometric accuracy. Again no signatures were detected. The size of the binning which is appropriate is set by the width in velocity of the emission line region which we want to detect and the spectral resolution of the instrument. For TTS the accretion cut-off for the width of the Hα line is generally set at 270 km s −1 with a width of 200 km s −1 adopted for substellar objects (Jayawardhana et al. 2003 ). If we assume the same accretion criterion for planetary mass objects and brown dwarfs a bin of 40 would increase the spectro-astrometric accuracy to ∼ 0.5 mas while providing a sampling of 5 points across a Hα line of width 200 km s −1 . The velocity resolution of the UVES spectra is ∼ 1 km s −1 . It is expected that the strongest spectro-astrometric signal would be at the peak of the Hα emission line. In Section 5 it is discussed whether this accuracy would be enough to detect a signal from a possible planet. The non-detection of the companion in the Hα line would also support the argument that T Cha b does not exist (Sallum et al. 2015b ).
MASS ACCRETION RATE OF T CHA
T Cha is known to lack both detectable veiling and UV excess which is indicative of a low mass accretion rate Schisano et al. (2009) . However, the high inclination angle of the T Cha disk could mean that a significant amount of the emission from the accretion zone could be blocked by the circum- Figure 6 . Spectro-astrometric analysis of the Hα emission from T Cha. What is shown here is the median of the spectra for each of our four epochs. The spectra were checked individually and no signal was found. The accuracy achieved on average over all 4 epochs was σ = 3.65 mas or 0.3 au at a distance of 110 pc to T Cha stellar disk giving the impression of a low M acc . The effect of a high inclination angle disk on the accretion properties has been reported for other objects (Whelan et al. 2014a ). Also Schisano et al. (2009) note that the non-detection of veiling in T Cha may also be caused by the relatively high continuum flux emitted by its G8 photosphere. Schisano et al. (2009) also estimate the mass accretion rate for T Cha at log( M acc ) = -8.4 M /yr using the 10% width of the Hα line. However, there were several uncertainties associated with this estimate, including the difficulty in defining the continuum level, the fact the relationship between M acc and the 10% width of the Hα line (that was derived for the substellar mass regime) shows a larger dispersion at higher masses and finally that the relationship could only be applied where Gaussian decomposition of the line profile into an emission component with overlapping absorptions was possible. As the Hα line is primarily detected in absorption here it is not possible to use the Hα 10% width or line luminosity to estimate M acc , although the latter is attempted here for E2.
An alternative is to use the [OI]λ 6300 line which is considered an indirect tracer of M acc in TTSs (Whelan et al. 2014a; Nisini et al. 2018) . To calculate M acc from the [OI]λ 6300Å line the new relationships of Nisini et al. (2018) giving the luminosity of the [OI]λ 6300 LVC in terms of both log(L acc ) (Figure 8 blue points) and log(M acc ) (Figure 8 red points) were used. Also included in this calculation are the Covino et al. (1996) [OI]λ 6300 line luminosities reported in Table 3 of Schisano et al. (2009) and given here for completeness in Table 2 . The mean value of log( M acc ) calculated from the Nisini et al. (2018) relationships (denoted by the blue markers in Fig 8) is -8.3 ± 0.4 M / yr and this is marked in Figure 8 by the black line. The standard deviation in the results is delineated by the black dashed lines. The green dashed line is the average M acc value from Schisano et al. (2009) and the green point is the value calculated using the luminosity of the part of the Hα line in emission in E2. The mass accretion rate derived using the Hα flux in E2 is -10.1 ± 0.2 M / yr. For this calculation the relations of Alcalá et al. (2017) were used. Assuming for the time being that the Hα emission line region must originate from outside of the occulting zone, no extinction correction was applied.
In Figure 9 the relationship between mass and mass accretion rate is plotted for low mass and substellar objects, including a sample of TD objects taken from Manara et al. (2014). T Cha is also shown here. The thick and thin red crosses correspond to the TTSs published in Manara et al. (2016) and Alcalá et al. (2014) respectively. The Manara et al. (2016) sample are all Cha I sources. The linear correlation shown is for these objects and the motivation is to see how well the TD objects (especially T Cha), brown dwarfs (BDs) and planetary mass objects follow this correlation. This figure builds on figures published in these papers and on Figure 7 of Whelan et al. (2015) . From Figure 9 it can be seen that the values of M acc for T Cha calculated from the L [OI ] , the Hα 10% width and the L Hα in E2 are within the range of values reported for TDs objects, although the L Hα value is on the low side. Comparing the E2 Hα M acc with the other values would suggest that a significant portion of the Hα emission line region is also obscured during the periods of occultation. It is calculated that the Hα line flux measured in E2 would need to increase 30 fold to give log( M acc ) = -8.3 M / yr. Studies of other YSOs have shown that the disk can greatly suppress emission from the accretion zone leading to a perceived low M acc (Nisini et al. 2018; Whelan et al. 2014a) . The distance of a few tenths of an au proposed by Schisano et al. (2009) as the distance at which the occulting clumps around T Cha orbit would be sufficient to block emission from the accretion zone as well as the star and thus can explain the large dimming of the Hα line emission. Accretion is expected to occur on a scale of ∼ 0.1 au (Hartmann et al. 2016) . Therefore, the bulk of the Hα emission must come from accretion here with perhaps also a small contribution from a wind. Whereas a greater portion of the [OI]λ 6300 line is originating from beyond the region of obscuration making it a better measure of M acc in this case (Nisini et al. 2018) .
MASS ACCRETION RATE OF T CHA B AND SPECTRO-ASTROMETRIC ACCURACY
Here the results of Figure Whelan et al. (2015) calculated log( M acc ) = -9.3 for LkCa 15 b which corresponds to L Hα ∼ 7 × 10 −5 L . Zhou et al. (2014) measured log( M acc ) = -11, -9.3 and -11.4 for GSC 06214 -00210, GQ Tau b and DH Tau b respectively, using the luminosity of their Hα emission. These values of M acc correspond to L Hα = 9.3 × 10 −6 L , 2 × 10 −5 L and 6.5 × 10 −7 L . Also Zhou et al. (2014) give the masses of these three objects as 15 M Jup , 28 M Jup and 11 M Jup respectively. Keeping to our assumption of a mass of ∼ 10 M Jup for T Cha b, a value L Hα = 1 × 10 −6 L would seem reasonable as a lower limit given the results of Zhou et al. (2014) . Using the 1-σ upper limit to the correlation presented in Figure 9 would suggest a similar value. It is found from our mass accretion rate study that L Hα = 4 × 10 −3 L would be needed to achieve log( M acc ) = -8.3 M / yr for the parent star T Cha. Therefore the ratio between the Hα emission from T Cha and T Cha b can be taken as ranging from 1.8 × 10 −2 to 2.5 × 10 −4 .
Given that Hendler et al. (2018) show the gap to extend from 18 au to 28 au one can expect any planet to be located at ∼ 23 au or 190 mas at the distance to T Cha. The corresponding size of the offset that would be measured using SA is this distance multiplied by the ratio of the strength of the Hα emission from the planet and star which, following the argument laid out above would be 3.4 mas to 0.05 mas. It should also be noted that calculation outlined here assumes no contribution from the continuum emission from T Cha and that Hendler et al. (2018) suggest a possible mass of ∼ 1 M Jup for T Cha b. Both of these points would mean that the signature of T Cha b would be even smaller. Given that a maximum binning of 40 is recommended (section 3.2) and would return a spectro-astrometric accuracy of ∼ 0.5 mas it is concluded that while it should be theoretically possible to detect a 10 M Jup planet it is not possible to use SA to detect T Cha b in this dataset. It is worth noting that the [OI] M acc results were not used to estimate an upper limit to the flux of T Cha b and then used to estimate a M acc as this would assume that protoplanets have winds like TTSs, which is something that has not been proven.
The analysis outlined above is the opposite to what was done for LkCa 15 b in Whelan et al. (2015) , where the spectro-astrometric accuracy was used to put a limit on L Hα and thus M acc . This was done by assuming that the Hα emission comes from the star plus planet and by using the spectro-astrometric accuracy to put an upper limit on what percentage comes from the planet. Once this is known the line luminosity method is used to derive M acc . As this approach relies on measuring the Hα line luminosity this would only be possible here for E2 where there is some Hα in emission. It is reasonable to assume the Hα emission from the planet to be centrally peaked and therefore the emission profile could overlap with the absorption feature seen in Figure 6 and causing infilling of the feature. As a result it was decided that the amount of Hα emission from the star could not be reliably estimated. However, if we follow the LkCa 15 b approach using the Hα emission present in E2, L Hα ∼ 7 × 10 −7 L is derived. Using the argument made above this would give a necessary spectro-astrometric accuracy of < 0.1 mas in agreement with the lower end of the range given above. This corresponds to a range of log( M acc ) of -11.1 M / yr to -11.7 M / yr for a mass range of 1 M Jup to 10 M Jup (grey hexagons Figure 9 ).
CONCLUSIONS
The UVES observations of T Cha presented generally agree with the conclusions of the exploratory study of Schisano et al. (2009) . However, by considering four epochs of data, carrying out a spectro-astrometric analysis and by making a more accurate study of the mass accretion rate early results can be expanded on and the following conclusions made.
(i) The spectro-astrometric analysis shows that the likely origin for the [OI]λ 6300 line is a wind. Thus, it is possible that part of the emission due to this wind could be obscured by the occulting clumps in the disk of T Cha. Indeed, this could be the explanation for the differences noted between the E1 [OI]λ 6300 line profiles and the E2-E4 profiles. It is concluded that the [OI]λ 6300 is a better tracer of the mass accretion rate onto T Cha as results derived from L [OI ] give values within the range calculated for other TD objects.
(ii) A comparison between M acc calculated from L [OI] and L Hα shows that a significant proportion of the Hα emission is suppressed during the periods of obscuration. This result points to the bulk of the Hα emission originating from the accretion shocks and the scale over which the obscuration occurs is in agreement with magnetospheric accretion theory. Therefore, it is concluded that T Cha is not an intrinsically weak accretor. It can be argued that the use of the Hα 10% width as a measure of M acc gives a value more compatible with the [OI]λ 6300 line and the true M acc rate as the Hα line luminosity and not necessarily the line width is affected by the orbiting clumpy material.
(iii) By making a reasonable estimate of M acc for T Cha b and thus the luminosity of its Hα emission it can be shown that the spectro-astrometric accuracy achieved here is not sufficient to make a detection. This is true even if a large binning is considered. Therefore, the spectro-astrometric results cannot rule out the existence of T Cha b. Overall, it is concluded that the unique properties of T Cha i.e. the strong G8 photosphere, the variable continuum emission and the variable Hα emission make it more complicated to apply SA to this source. In particular, the fact that the line is often in absorption means that is is difficult to quantify the contribution from the stellar continuum and to remove it.
To date, two TDs objects have been investigated using SA to determine if this technique can be used to detect a planetary companion. In Whelan et al. (2015) no detection of Lk Ca15 b was made and this planet was subsequently observed using differential imaging with the Hα emission from Lk Ca15 b having a line luminosity of 6 × 10 −5 L (Sallum et al. 2015) . In Whelan et al. (2015) an upper limit of 1× 10 −13 erg/s/cm 2 was estimated for the Hα flux of LKca15 b. This corresponds to a luminosity of 7 × 10 −5 L , which is comparable to the flux detected by Sallum et al. (2015) . Manara et al. (2014) give log( M acc ) =-8.4 M / yr for Lk Ca15 which corresponds to L Hα = 3 × 10 −3 . Our results for T Cha and estimates for T Cha b are in agreement with these results for Lk Ca15 and Lk Ca15 b. Sallum et al. (2015) detect Lk Ca15 b at a distance of 93 ± 8 mas from its parent star. Considering the line luminosities and this distance would mean that a spectro-astrometric accuracy of < 0.2 mas would have been necessary in Whelan et al. (2015) to detect this planet. This is much better than what was achieved. As is the case here with T Cha the analysis of Lk Ca15 b was also complicated by problems with spectro-astrometric artefacts. From the work described in this paper and the Lk Ca15 study it can be concluded that while straight-forward in theory it can be difficult to apply SA to the problem of routinely detecting planetary companions to TD objects, due to the sub-milliarcsecond accuracies required. However, as was shown for LkCa 15, SA is useful as it provides limits to the flux of the Hα emission from accreting planetary companions. This is important as Hα measurements of protoplanets are rare and direct Hα imaging observations with the extreme AO necessary are only possible with bright stars.
